In a previous study using a fully three-dimensional
%. The radial field amplitudes at the beam radius and 0 = 0, normalized to the maximum value of longitudinal electric field are plotted in Figure 3 versus longitudinal distance. From the plot, it can be seen that Er is nontrivial, amounting to about 30% of Ez,,a x at 13L = 30 degrees (8.75
GHz) and about 68% at 13L = 150 degrees (42.26 GHz).
As an estimate of the effect that the azimuthal and radial electric fields have on defocusing the electron beam, a comparison of RF transverse field forces to radial space charge forces has been completed. The eigenmode solver of MAFIA uses an arbitrary excitation level;
thus, electric fields in Figure 2 and Figure 3 must be scaled to the TWT operating parameters of interest. The defocusing effect of RF fields at the input of the tube will be negligible, thus we focus on the output. The scale factors between simulated and actual RF fields at the tube output are derived as follows. The RF power flow at the output of the actual tube Po,, is given in where Eou, and EMA F designate total RF electric field at the output of the tube and for the simulated circuit, respectively. If the energy differs by a scale factor this leads to   E2,,,,, = A,,,,, E2Mm ." • Equation 5 So that
Thus, the magnitude of electric fields obtained using MAFIA can easily scale to be commensurate with values that are present at the output of the experimental tube. Using appropriate values from the experimental tube listed in Table I , electric field values at 26 GHz and at the beam radius were calculated for the output of the 8916H TWT as shown in Table II . It should be noted that the MAFIA fields are calculated in the absence of a beam, but the electron beam will have a relative permittivity slightly less than one, thus perturbation on actual RF fields due to the beam will be minimal.
In order to compare the forces due to the RF electric fields at the output of the tube to space charge forces, the radial space charge field is calculated at the boundary of a beam having a circular cross section and radius b as [14] E_.c -
where Io is the beam current, and go and _-toare the free space permittivity and permeability, respectively. Assuming a beam radius to helical average radius ratio of 0.5, the scaled values of the electric field at the output are normalized to this value of space charge field in Table II .
Radial, azimuthal and axial electric fields at the output reach 61%, 26% and 132% of the space charge field, respectively. Since the force on a charge q to an electric field E can be expressed as F = -qE, the forces from the RF fields will amount to the same percentages compared to space charge forces. The significance of these forces indicates the importance of including these fields in helical TWT beam focusing design codes. From Figure 2 and Figure 3 it can be seen that radial and azimuthal components of electric field become stronger with respect to the longitudinal component as the frequency is increased. Thus, the effect of RF fields on beam optical properties will be more significant with increasing frequency. Additionally, it is well known that the strength of transverse RF components in a helical circuit increases with radius indicating more of an effect with larger beam radius as well. 
